This study aims to examine how the aging population of each region has changed from 2009 to 2018, and how age-friendly the current neighborhood environments are in those areas in Daegu, Korea. The 139 administrative units are used as spatial units to identify aging regions, while 100 m × 100 m grid cells are employed as spatial units to capture the environmental variables of the neighborhood comprehensively. To analyze Daegu's aging regions, emerging hotspot analysis was performed, demonstrating the spatio-temporal patterns of the elderly population. ANOVA analysis and a case study with field surveys were used to examine the age-friendly environmental conditions in aging regions. Findings of this study showed that Daegu's aging regions were increasing rapidly and spreading from the city center over time. In addition, it was found that the neighborhood environmental conditions of the aging regions were very poor in terms of accessibility, safety, and pleasurability. Significant differences were also found in the levels of age-friendliness of the neighborhood environments, depending on whether they are urban or suburban. The results herein support public policy proposals relevant to urban planning, environmental design, and aging policies.
Introduction
Most countries now comprise a growing aging population [1] [2] [3] . Korea is experiencing the rapid growth of an aging population as well; the percentage of the elderly (aged 65 years or older) was 14.3% in 2018 [4] . Given the current rate of aging in Korea, the influence of the aging phenomenon is expected to increase over time. According to the Statistics Korea report, the ratio of the elderly is expected to increase by 41.0% in 2060 due to a continued decrease in birthrate [4] . These demographic changes have caused drastic changes in many aspects of society, including the field of urban planning and design. In recent years, efforts to make cities and communities more age-friendly have gained importance [5, 6] , and developing supportive urban communities by understanding the association between population aging and urban changes is a major issue in public policy [7, 8] .
Many researchers have demonstrated that as the elderly's physical capabilities decrease, age-friendly environments are needed to improve their quality of life [9] [10] [11] [12] [13] . Therefore, the importance of the neighborhood environment as an urban policy for the elderly has been highlighted lately, because the neighborhood environment, which is equipped with various convenient facilities, facilitates social contact and provides the elderly with a healthy and active life. In particular, the elderly are more 2. Literature Review
Neighborhood Enviornments for Active and Healthy Aging
The ecological theory of aging is the most influential in the field of environmental gerontology, where the behaviors of people depend on and are connected to various physical and social environments due to the continuous interaction between human beings and the environment [2, 22, 23] . For the elderly in particular, their physical and social environments are crucial factors for a healthy life, and they tend to be more attached to their living environment than other age groups due to the decline of their physical, mental, and social functions [24, 25] . Additionally, the elderly prefer aging in the environment they have lived in, and their spatial experience and attachment to the region are important in understanding the process of aging [26] [27] [28] . The physical and social environment is very important for the elderly, since it leads to healthy aging and improved quality of life for older people [28, 29] . Havighurst suggested the activity theory based on the concept of successful aging as a more detailed approach, describing that the elderly can maintain a positive sense of theirselves if they continue to participate in various social activities [30, 31] . In line with this theory, based on Lawton and Nahemow's ecological perspective of active aging, the World Health Organization (WHO) proposed an age-friendly city to promote active and healthy aging and enhance quality of life as people age by developing supportive urban communities and various city-level initiatives for the elderly [2, [6] [7] [8] 32, 33] .
The physical and social activities of the elderly are emphasized for active and healthy aging, and it is associated with neighborhood environmental conditions [12, 13, 25, 34 ]. An age-friendly city offers a supportive environment that enables residents to age actively within their neighborhoods as they interact with other people and use community resources by driving, shopping locally, using parks and libraries, or attending church [6] . Through the combined neighborhood environment consisting of well-planned outdoor spaces, buildings, housing, transportation, and well-operated municipal services, the necessary minimum level of favorable community conditions can be obtained [6] . Outdoor walking, in particular, facilitates healthy aging, because walking is the most common physical activity among the elderly [14, 34] . Neighborhoods, including built and social environments, influence outdoor walking for the elderly [10] , and the neighborhood's physical attributes can encourage a healthier lifestyle [25] . Furthermore, the built and social environments of neighborhoods influence the elderly's participation in their communities significantly [35] .
Three Elements of Age-Friendly Neighborhood Environments: Accessibility, Safety, and Pleasurability
To investigate the main factors and variables of age-friendly neighborhood environments, we reviewed studies regarding the residential and environmental elements related to the elderly's living conditions. It was shown that a wide range of factors, including the aesthetic, design, and health features of the environment, accessibility of local services and facilities, perceptions of neighborhood safety, and neighborhood relationships influence the elderly's residential satisfaction [11, [36] [37] [38] [39] [40] .
The studies concerning the elderly's walking and neighboring environment focused on the accessibility of the neighborhood. Michael et al. measured the influence of built neighborhood environments on walking with regard to the elderly and included neighborhood-level built environmental characteristics such as sidewalk quality, neighborhood graffiti and vandalism (aesthetics), and the presence of shopping malls, parks, and trails [41] . Yun examined the association of the elderly's walking behaviors with the neighborhood environment as objectively accessed characteristics (e.g., pedestrian/bike facilities, aesthetics, traffic safety, walkability, parking, and transit) [12] . Buffel et al. mentioned that urban environments and communities (e.g., museums, libraries, parks, and communal spaces) may improve the quality of life for the elderly [20] . Other works also mentioned appropriate services (including shopping and health services), organizations (including senior centers and churches), civility and safety (including trust and physical safety), and walkability (including distance to amenities and attractive surroundings) as accessibility factors [5, [42] [43] [44] . In short, accessibility to certain facilities is a very important factor, especially in the context of the elderly's walking behaviors. It considers convenience for the elderly related to facilities such as local markets, senior citizen centers and health facilities, and transportation. In this study, we would like to define accessibility as ease of approach to various facilities in the neighborhood, considering the accessibility of convenience, medical, and community facilities.
When accessing a certain facility, perceived and physical safety is also an important factor in age-friendly neighborhood environments. Safety in comprehensive terms includes addressing anxiety related to various fields, including natural disasters, crime and risk, privacy, safety from transportation accidents, and safety in dangerous facilities. Yun examined the perception of the environment's characteristics (e.g., safety, attractiveness, comfort, perceived crime) [12] . In addition, König et al. found that overall, safety was one of the highest-rated aspects of a neighborhood in the United States and Germany, and this included it being pedestrian-friendly [25] . Meanwhile, Yoo and Kim found safety issues in mixed-traffic streets with on-street parking [13] . Forsyth et al. perceived safety in the context of urban design and planning to create an environment safe from traffic, pollutants, and perceived and actual crime [2] . Pas et al. considered safety from neighborhood crime, in particular, because of the study area, namely South Africa; this developing country is more vulnerable to criminal activities [5] . Since Korea is considered a safe city worldwide in terms of crime [45] , we are not including criminal safety in our analysis; instead, we took into account the dangerous physical environment caused by dilapidated buildings. Therefore, in our study, we are going to focus on the prevention of accidents and physical safety in terms of terrain, building conditions, and traffic accident characteristics.
The concept of pleasurability varies by study, unlike the factors of accessibility and safety. Most of the studies perceived pleasurability as an aesthetic aspect affecting the citizen's sentiments or appreciation of their community. Yun analyzed the walking behavior of the elderly considering the pedestrian amenities in the neighborhood [12] . Hillcoat et al. evaluated the neighborhood environment in terms of the level of residential satisfaction being a motive for wishing to move in the UK. They considered factors related to pleasurability in the neighborhood such as children/young people loitering, noise levels, etc. [11] . Choi et al. and Gallimore et al. used the pleasurability to test a walkable pedestrian environment [46, 47] . In this study, we are going to focus on the physical aspects of pleasurability because our approach is to focus on the urban physical environment using statistic data; therefore, our concept of pleasurability focuses on eco-friendliness, which includes air quality, green infrastructure, and hazardous facilities.
Materials and Methods

Study Area
As shown in Figure 1 , Daegu is located in the mid-south eastern area of Korea. Since the 1960s, Korea's rapid economic growth, which focused on manufacturing industrial development in Daegu, has attracted people from rural areas [48] . In the 1980s, the city of Daegu expanded as the surrounding rural areas were included, and in 1995, it was promoted as Daegu Metropolitan City since it plays a prominent role in the mid-south eastern area of Korea [49] . Daegu is the 3rd largest city in Korea, with its population reaching 2,458,031 in December 2019 [50] . Its total area is 883.5 km 2 , approximately 1.5 times that of Seoul (605.2 km 2 ), the capital city of Korea [51] . Recently, Daegu's manufacturing-oriented industry is no longer attractive to the younger generation, which is accelerating the outflow of young people. In addition, the population of Daegu has been declining rapidly as the population that flowed in during the 1950s and 1960s is aging. Daegu is a city where urban areas are integrated with rural areas containing 139 diverse administrative units. This is because when the city was expanding it has experienced a government-led urban development in the central area, and also it included many surrounding areas in rural areas. This study examines how regions densely populated with the elderly (aged 65 years or older) changed over time and place in Daegu Metropolitan City. The spatial scope of this study is the city of Daegu, which consists of 139 administrative units, Eup-Myeon-Dong (hereafter, EMD), and the temporal scope covers the past decade, namely from 2009 to 2018. 
Variables: Data
Elderly Population Ratio
The ratio of the elderly to the total population is used as a measure of aging. To explore the spatio-temporal trend of aging in Daegu from 2009 to 2018, this study employs the administrative unit (EMD) as a spatial unit of analysis. Data were obtained using the census data from the Korean Statistical Information Service [52] .
Age-Friendly Neighborhood Environmental Variables
Based on the review of previous studies in Section 2.2, this study suggests that three elements, namely accessibility, safety, and pleasurability, contribute to age-friendly neighborhood environments. In this section, the 100 m × 100 m grid cell is used as a spatial unit of analysis to examine neighborhood environmental conditions in detail. In other words, the aging regions are derived by EMD units, and these EMDs are subdivided into the 100 m × 100 m grid cells to analyze the neighborhood environmental status. To assess the neighborhood environmental factors in aging regions, this study covers the residential areas, excluding rivers, streams, and the restricted development districts, and subdivides them into grid cells as shown in Figure 2 . As presented in Table 1 , this study includes 17 variables that comprise three elements (accessibility, safety, and pleasurability) as environmental variables of age-friendly neighborhoods. Most of the data were acquired from the open data portal of the National Information Society Agency in Korea, the Korea National Spatial Data Infrastructure Portal, Road Name Address from the Korea Local Information Research and Development Institute [53] [54] [55] . A detailed description of the variables is as follows.
• Accessibility
Accessibility indicates the approachability of important facilities for the elderly. Convenience stores and local markets are representative facilities that the elderly use to purchase items necessary for daily life. In addition, various diseases occur with age, and the elderly need health care services in the community [56] . Therefore, this study selected hospitals (including clinics) and public health centers as medical facilities. As variables of welfare and administrative facilities, senior citizen community centers and welfare centers were included because these facilities are considered to be where the elderly spend their leisure time and maintain their social activities [34] . If the traffic infrastructure is ill-equipped in the area where elderly citizens live, many restrictions will result in health care services, leisure activities, and social participation; therefore, transportation facilities (subways and bus stops) were included as a variable for accessibility factors. In addition, urban parks, variables of park facilities, were considered necessary access facilities in an age-friendly neighborhood environment. Using ArcGIS, the variables were calculated as the network distance from the center of the grid cell to the nearest facility, or as the number of facilities distributed within a 400-m network buffer from the center of the grid cell. • Safety Safety refers to a state of being free from the danger of various accidents occurring within the community, and it includes building, terrain, and accident conditions. As a variable for building conditions, we calculated the ratio of dilapidated buildings as the percentage of old buildings (30+ years), because as buildings age, they deteriorate, resulting in various safety issues such as leaks and collapses, as well as overall poor living conditions. Terrain conditions include gradient, which hampers movement on steep slopes, especially for the elderly. Areas where elderly pedestrians were prone to meet with traffic accidents were included under accident conditions to check if the community had a safe environment for elderly pedestrians. Safety factors were generated from the average values of percentages of old buildings, mean slopes, and the number of traffic accidents involving the elderly.
• Pleasurability
Pleasurability refers to the level of satisfaction obtained from the surrounding natural or architectural environment and atmospheric conditions. In this study, hazardous facilities, green infrastructure, and air quality were considered. Factories, and excreta and waste disposal facilities were selected as hazardous facilities, since they are elements that can cause various forms of pollution. With regard to green infrastructure, this study used the Normalized Difference Vegetation Index (NDVI) to evaluate green environmental conditions. Air quality is also an important factor in regional pleasurability. It includes particulate matter (PM10 and PM2.5), which has recently become an issue in Korea [67] , since it can cause fatalities in the elderly, who generally have weak respiratory systems and low immunity. Therefore, this study selected PM10 and PM2.5 to measure air quality in aging regions in Daegu. Hazardous facility variables were calculated distance to the closest each destination, while green infrastructure and air quality variables were calculated from the mean value within the 400-m network buffer. We used the NDVI to allocate a quantitative value indicating the distribution or condition of vegetation to present green infrastructure. To calculate the NDVI of Daegu, a satellite image of Landsat-8 OLI provided by the United States Geological Survey (USGS) was used (for 25 April 2018), considering that the cloud volume was less than 20%. In addition, to measure Daegu's air quality, we used the Air Korea's annual average data of particulate matter (PM10 and PM2.5) from each monitoring station. Hence, we could estimate the density of particulate matter (PM2.5 and PM10) of the whole of Daegu after considering the distance weighting function by implementing the IDW (inverse distance weighted) analysis from each monitoring station.
Analytical Method
This study used the emerging hotspot analysis tool provided by ArcGIS Pro to observe the community-level spatio-temporal distribution of regions densely populated with the elderly based on each administrative unit (EMD) in Daegu Metropolitan City. In many previous studies, "hotspot" describes a region or value that is high compared to its surroundings [68] [69] [70] [71] . In this study, we define a hotspot as a location showing statistically significant clustering (local autocorrelation) in the spatial pattern of the elderly population. Unlike previous studies where hotspot analysis was performed using simple spatial clusters, our approach (emerging hotspot analysis) enables a three-dimensional analysis combining temporal and spatial clusters. The creation of a space-time cube from a defined location is required as the first step of the analysis. As seen in Figure 3 , a three-dimensional cube is generated as the 10-year (2009-2018) temporal trend of the ratio of the elderly population is determined when the location of each administrative unit of Daegu is fixed. As a result, 1390 (139 spatial units × 10 years) space-time cubes were created, and they were converted to the netCDF data format (Network Common Data Format). With the cube generated, we calculated the Getis-Ord Gi* statistic [72] to classify high and low values in a bin relative to its neighboring bins within the clustered cubes [68] . After calculating the z-score and p-value, which indicate the time-series trends of each cube, we could categorize the spatial and temporal patterns of each study area with the evaluation result of the hot and cold spot trends by applying the Mann-Kendall trend test. Additionally, with regard to the space-weighted matrix, which defines the neighborhood in the emerging hotspot analysis, we used Contiguity Edges Only option, which defines neighbors as areas in which at least one area abuts from the interface of the area. With the emerging hotspot analysis of the aging regions in Daegu complete, we explored the neighborhood environment of the elderly in Daegu's urban and suburban areas in detail. Using ANOVA and post hoc test (Dunnett's test), we examined if there is a statistically significant difference among regional groups in the level of age-friendliness in the neighborhood environment.
Results
Spatio-Temporal Trend of the Elderly Population
From 2009 to 2018, the ratio of the elderly population in Daegu increased steadily. The emerging hotspot analysis results showed that of the 139 administrative units in Daegu, 86 presented hot and coldspot trends (see Table 2 and Figure 4 ). Meanwhile, with regard to sporadic and oscillating patterns, both types of hotspots did not appear consistently during the 10-year time phase, so these patterns were not included in this study. Detailed information on the time and space pattern for each type is as follows.
First, Consecutive Hotspots are areas where significant hotspots occurred continuously during the most recent period (2017 and 2018), and 49 of the 139 administrative units in Daegu (35.3%) were in Consecutive Hotspots. In particular, all the administrative units in the southern district were in Consecutive Hotspots, followed by 67% of the units in the central district and 60% in the eastern district. Significantly, the southern district has the second lowest population among the eight local governments in Daegu, but its ratio of the elderly population is the highest; the southern district once recorded 230,000 people, but as of 2018, only 150,501 people are remaining. Additionally, with regard to the average monthly floating population in Daegu Metropolitan City in 2018, that of the southern district was found to be the lowest, and its number of floating populations remained at the bottom compared to the resident registration population. In the 1990s, the central district affected population outflow with its large-scale housing development projects and apartment supply outside the city center. The population-housing census showed that the percentage of old houses in the central district stood at 31.60%, which is overwhelmingly higher than the average value in Daegu (8.03%) [75] . In the case of the eastern district, the residents have many complaints about the noise and building height restrictions by the airport and K2 air force unit.
Second, New Hotspot indicates the areas of statistical significance during the last temporal stage (in this study, 2018), and it is most likely to surround Consecutive Hotspots, as shown in Figure 4 . It is interpreted that the ratio of the elderly is gradually spreading over time based on Consecutive Hotspots.
Third, Intensifying Hotspot refers to areas where 90% of the time stages during the 10 years (2009-2018) correspond to hotspot areas, and increase in intensity over time. The central district had Intensifying Hotspots, and currently, these areas have a high floating population as well as dense population due to active commercial vitalization. On the other hand, not only the ratio of the elderly is high in this area, but also the ratio of elderly pensioners is high. Moreover, 80% of old buildings are more than 20 years of buildings. Additionally, in this area, population aging occurs from the initial stage, and it increases drastically over time.
Fourth, Yuga-eup in the southern edge of Daegu was in a Persistent Hotspot, where a constant hotspot was maintained for more than 90% of the 10-year phase, without increasing or decreasing over time. Yuga-eup has a large scale of industrial complexes, and recently, some areas in their county increase the youth population due to job growth, but still, where the elderly lives are not in good residential conditions.
Finally, a Diminishing Cold Spot was found in Chilgok (at the northern edge of the city) and Seongseo (10 km west of the city center). Chilgok has one of the highest percentages of young adults because it has developed its residential districts and acts as a sub-center. Seongseo has universities and industrial parks, which encourage the inflow of youth. All of these areas are in coldspots, but their intensity decreases over time, which means they could be in hotspots in the future, indicating future aging regions, which raises potential concern. 
Analysis of Age-Friendly Neighborhood Environmental Conditions
Comparison of Age-Friendly Neighborhood Environments by Regional Group
In order to compare and analyze the neighborhood environmental conditions with regard to age-friendliness, we classified the regions into three groups, "regions getting old (urban-type)", "regions getting old (suburban-type)," and "regions getting young," as shown in Figure 5 . The patterns corresponding to hotspots (New, Consecutive, Intensifying, and Persistent Hotspots) are considered as aging regions, and are further divided into "regions getting old (urban-type)" and "regions getting old (suburban-type)". Coldspots are considered as "regions getting young". Out of 139 administrative units of Daegu, 64 units were included as hotspots for aging regions. Among them, 5 units were in suburban regions, and the rest 59 units were corresponding to urban regions. Meanwhile, 9 units were corresponding to coldspots. Based on the residential areas within each administrative unit, 100 m × 100 m grid cells were created to analyze the neighborhood environmental level. As a result, 1413 grid cells from 5 administrative units were derived for regions getting old (suburban-type), while 3908 grid cells from 59 units were derived for regions getting old (urban-type). Moreover, 1327 grid cells representing regions getting young were derived from 9 administrative units. As seen in Table 3 , ANOVA and post hoc test (Dunnett's test) were conducted to examine if there is a statistically significant difference among the regional groups in the level of age-friendliness in the neighborhood environmental conditions. The analysis results showed that the difference by the group was significant in all the neighborhood environmental factors; accessibility, safety, and pleasurability. First, we found that in terms of accessibility, regions getting old (suburban-type) were the worst. In addition, all the neighborhood facilities in this group were out of the walking range (400 m) of the elderly. Second, the safety factor's building and accident characteristics were the worst in regions getting old (urban-type). The dilapidated buildings ratio was found to be twice as high as that of the other groups, indicating that the physical environment of this group is poor. Meanwhile, the terrain gradient showed that regions getting old (suburban-type) were about twice as steep as other groups. Third, with regard to the pleasurability factor, hazardous facilities can be considered favorable when these facilities are farther from residential areas since they cause various forms of pollution. Regions getting old (suburban-type) had relatively farther away from factories and excreta and waste disposal facilities when compared to the other groups. The NDVI values, which indicate green infrastructure, were the lowest in regions getting old (urban-type). Meanwhile, PM10 and PM2.5, which refer to air quality, were twice as high as recommended by the World Health Organization in all groups. According to the World Health Organization guidelines, the levels of PM10 and PM2.5 should be under 20 and 10 µg/m 3 per year, respectively [76]. 
Case Study of the Environmental Conditions of Age-Friendly Neighborhoods in Aging Regions
As seen in the ANOVA and post hoc analysis in Section 4.2.1, the levels of age-friendly neighborhood environmental conditions differed significantly among the regional groups. In this section, a case study using both quantitative and qualitative approaches was conducted to comprehensively examine the current environmental conditions of the neighborhood. In the quantitative method, a distinct variable from each element (accessibility, safety, and pleasurability) was selected for age-friendly environments. By visualizing the objective quantitative indicators of the variables on the GIS map, the relative differences of the surrounding areas could be identified in detailed spatial units (100 m × 100 m grid cells). In addition, the status and current conditions of the environment could be obtained qualitatively through a field survey. As shown in Tables 4 and 5, we selected four distinct regions (EMDs) undergoing significant growth of the aging population. Two urban and two suburban EMDs were selected, taking the spatial distribution of Daegu into account.
Daesin-dong, which is in regions getting old (urban-type), has a lot of traffic and a floating population due to Seomun Market, a representative traditional market. Significantly, this area has almost 10 times the traffic accidents involving elderly pedestrians (Daesin-dong: 37.62 number/km 2 , Daegu: 3.80 number/km 2 ) of not only Daegu, but also the country due to poor road maintenance and traffic volume. In addition, it has almost twice the percentage of old buildings than Daegu does (Daesin-dong: 64.67%, Daegu: 36.16%) inside the site and it lacks small-scale parks that are easily accessible to residents. Namsan2-dong, also an urban aging region, has more than twice the percentage of old buildings than Daegu does (Namsan2-dong: 76.84 number/km 2 , Daegu: 36.16 number/km 2 ). Therefore, most of the areas are redevelopment or reconstruction sites. Additionally, illegal parking caused by a lack of parking spaces and narrow streets hampers residents' walking safety and comfort. Moreover, since there is a lack of parks where residents can rest, the NDVI values in this area were lower than those in other areas (Namsan2-dong: 0.11, Daegu: 0.18). The resident population is declining steadily due to the local slum created by long-term unoccupied properties and dilapidated buildings.
An area with the highest rates of traffic accidents involving elderly pedestrians in the country. Silver Zones (elderly protection zone) are occupied by illegal shops or are located away from crosswalks and have no safety fences, causing frequent jaywalking.
Small-scale parks that can be easily accessed by residents are insufficient. Additionally, management of the facilities is improperly performed. The residential environment is poor, with many old houses, since most of the areas are redevelopment or reconstruction sites.
The roads surrounding the target areas' boundaries are major transportation hubs in Daegu, while the sidewalks of the inner roads of the target areas are extremely narrow. Additionally, the traffic on these roads is mainly due to cars, and there is rampant illegal parking, which causes a lack of space for the pedestrians.
The target area lacks a park and has inadequate resting spaces for the residents.
Note: The pictures used in this table were sourced from KakaoMap [77] . Lack of accessibility to various neighborhood facilities, including park facilities that help with physical activity.
Although Daegu Technopolis Industrial Complex has large apartment complexes, residential environment disparity is widening within the region. The elderly residents populate farmland primarily, and most of the facilities in these regions are in poor condition.
Most of the terrain in the developed areas of the region is flat, but most of the undeveloped residential areas have steep slopes.
Dopyeong-dong
Lack of accessibility to various neighborhood facilities, including park facilities that help with physical activity.
Most of the terrain in the developed areas of the region is flat, but most of the undeveloped residential areas have steep slopes. While the site is located on a mountain that includes a historical monument park, the entrance is blocked, making it difficult to access, and it is left unattended. This mixed urban and rural area has inadequate regional infrastructure.
Although the residential area has many cultural assets that can be used in tour packages, the facilities in the area are generally underdeveloped, making it necessary to develop the surrounding amenities and facilities.
Steep slopes are present and many neglected pathways are at risk of collapsing.
Note: The pictures used in this table were sourced from KakaoMap [77] .
Since a large apartment complex is being constructed in Yuga-eup, a suburban aging region, several neighborhood facilities are being established, and there is a substantial youth population. However, the areas that are densely populated by the elderly are still in poor condition. They lack access to neighborhood facilities, especially the urban park (average distance to the urban park; Yuga-eup: 786.88 m, Daegu: 628.49 m). Yuga-eup's dilapidated buildings ratio (25.91%) is lower than the average value of Daegu (36.16%). However, this is due to the recent construction of apartment complexes near the industrial parks. The ratio of dilapidated buildings is still high in areas where the elderly is concentrated. As seen in a field photo in Table 5 , newly built apartment complexes are alongside old buildings, highlighting the environmental disparity within the neighborhood. Dopyeong-dong is also one of the regions getting old (suburban-type). The distance to the urban park is more than 4 times the average distance to urban parks in Daegu (average distance to urban park; Dopyeong-dong: 2876.15 m, Daegu: 628.49 m). In addition, the neighborhood environment is unsafe; many paths are steep and at risk of collapsing, and the streets are dark at night.
Discussion and Conclusions
The dramatic increase in the aging population provides momentum to the age-friendly movement [6] . Since the current rate of aging in Korea is overwhelmingly high when compared globally, it is necessary to devise countermeasures not just for welfare, but also sustainable urban planning. This study analyzed regions in Daegu Metropolitan City that are densely populated with the elderly and examined their neighborhood environments.
The overall findings of this study are as follows. First, the emerging hotspot analysis showed that the aging regions in Daegu are spreading from the city center over time. It showed a similar aspect with the capital city of Korea, Seoul, that it experienced rapid growth of the aging population in the center of the city [78] . It also showed that although the regions of Chilgok and Seongseo are in coldspot (regions getting young) areas, their intensity is gradually decreasing over time. This indicates that even relatively youthful regions in Daegu could potentially become hotspots (regions getting old) in the future, so we need to be conscientious about preparing the whole of Daegu for an aging society. Second, ANOVA and post hoc analysis were conducted to compare the age-friendliness of the neighborhoods' environmental conditions in regions getting old (urban-type, suburban-type) and the regions getting young in Daegu. The results showed a statistically significant difference among these three regional groups in age-friendliness levels of the neighborhoods' environmental conditions (i.e., their accessibility, safety, and pleasurability). Suburban aging regions, in particular, were the worst in accessing all the neighborhood facilities when compared to urban aging regions and regions getting young. Additionally, the facilities in regions getting old (suburban-type) were found to be farther than the 400-m living zone radius, which is considered a walkable distance for the elderly. In terms of safety, regions getting old were generally poorly maintained and their elderly pedestrians were vulnerable to traffic accidents. Regions getting old (suburban-type) had slopes that were almost twice as steep as those in the other groups, and some of the slopes were so steep that while walking, not only the elderly, but also the young would be physically strained. Regarding pleasurability, regions getting old (suburban-type) were found to be favorable, while regions getting old (urban-type) had fared poorly due to hazardous facilities, inadequate green infrastructure, and poor air quality. Third, we conducted a case study on the urban and suburban aging regions with noticeable results from the ANOVA and post hoc analysis. It showed that among the urban aging regions, Daesin-dong and Namsan2-dong were partially transforming into slums due to the old and neglected buildings. These features are in line with the urban aging regions in Seoul that they are lacking resources in the neighborhoods especially on housing and facilities conditions [78] . In addition, the protection zones on the roads for the elderly were inadequate. Among the suburban aging regions, Yuga-eup and Dopyeong-dong had a poor infrastructure in terms of living facilities, and there was a disparity in the residential environment due to the new, large apartment complexes and the existing old housings. Moreover, they had steep slopes and neglected paths that were at risk of collapse.
Based on the analysis results above, the following policy implications can be suggested. First, it is necessary to consider neighborhood infrastructure for the elderly as a matter of equity in the city rather than in the context of supply and demand as an economic market principle. Moreover, since Daegu showed marked region-specific differences in neighborhood environment levels, it is crucial to pay attention to the areas that lack major facilities for the elderly at the city government level. In addition, the analysis showed that in terms of accessibility, medical facilities were the worst. This indicates that the quality of medical services for the elderly needs to be improved, perhaps by using visiting medical services. Second, the residential environment needs to be improved. In Daegu's urban aging regions, we found poor residential conditions due to abandoned and vacant housings and dilapidated buildings. Moreover, since the number of elderly is expected to rise, improvements in transportation infrastructure for elderly pedestrians are also required to facilitate their participation in economic and social activities. Therefore, protection zones and continuous management plans focusing on areas where elderly pedestrians are prone to traffic accidents are required. Third, the city of Daegu should be reinvented as a more attractive residential area for the elderly by establishing ample green infrastructure in the city center. While it is important to improve medical support and health institutions as a follow-up measure, a proactive prevention approach is needed through the improvement of the physical environment with regard to urban planning and design aspects. Specifically, due to the high population density, Korea's urban regions use high-density development for effective land usage, making the expansion and creation of large-scale parks difficult. Therefore, innovative ways to make extra use of existing urban green areas, or small pieces of land and private land need to be considered as potential sites for new green spaces within the city center. It could be a good idea to upgrade existing parks that are primarily used by the elderly beyond their limited function of providing resting spaces to promote physical activities and social interaction.
This study has some limitations as follows. First, this study mainly focused on the built environmental conditions, however, a social environment also plays a crucial role in an age-friendly city [3, 20] . Several studies examined social environments such as social cohesion, employment, an opportunity for participation [5, 13, 56, 79] . Although we included facilities related to a social network, such as a senior citizen community center, it is required to consider the involvement of the civil society of the elderly in a further study. Moreover, depending on physical or psychological status, the same physical environment can be perceived differently by each character. To move on to more in-depth research, it would be essential to examine the comparison between the perceived and actual environment by considering the individual characteristics of the elderly. Especially, physical and mental health status, presence of cohabitation families, and the period of settlement in a region can impact the age-friendly environment depending on the elderly's characteristics. Second, people over the age of 65 were classified as elderly population. Older people have more constraints on their daily lives as they get older. That is, the age-friendly neighborhood environment also depends on the elderly's age. In future study, the elderly group should be further subdivided and used for analysis. Lastly, this study conducted a cross-sectional analysis for evaluating the neighborhood environmental conditions. Cross-sectional design cannot examine changes in neighborhood environment over time.
In future study, longitudinal analysis can be performed to measure the neighborhood environment.
Despite these limitations, this study has significance in several aspects. First, it investigated the aging population of each region from a temporal and spatial perspective. Most research examines either temporal changes or spatial distribution of the aging population, however in this study, using emerging hotspot analysis, it was able to show the spatio-temporal patterns of aging regions within the city of Daegu in the past decade. It is important for local governments to recognize the spatial and temporal trend of the aging population of each region for proactive decision making. Second, the trend of the aging population of each region was grouped into urban and suburban areas to analyze significant differences in the neighborhood environment within the groups. From our findings, age-friendly neighborhood environmental levels for both urban and suburban areas can be obtained. Especially, for cities with a rural and urban area integrated like Daegu, it is helpful to take a closer look at our findings. Third, this study explored the neighborhood environment at a community level. When measuring the aging population of each region, this study used the smallest administrative unit (EMD) for a more precise outcome as possible. Furthermore, to assess the neighborhood environmental level, all variables measured in 100 m × 100 m grid cells as a spatial unit to capture the features at a more detailed level. As a result, the trend of the elderly population and the neighborhood environment level of each region could be obtained at the community level. Lastly, by conducting an additional case study through a qualitative as well as a quantitative approach, the current status of case sites could be obtained. With our findings, a comprehensive picture from macro trends to micro-level field study can be presented. Results from this study can contribute to useful data in implementing urban and environmental planning policies and welfare policies for the elderly.
The aging society is a global phenomenon. Developing age-friendly environments has become a major concern for social and public policy [20] . Therefore, an age-friendly environment is required in the community to enhance the elderly's quality of life. Advances in medical technology have allowed us to live longer, but as elderly. Building an environment for the elderly translates into creating an environment for all of us. Therefore, an age-friendly environment as an urban infrastructure needs to be developed throughout by the city government to improve the quality of life for all of us.
